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Hischke, Herbert H. , Jr., 1961. Carbohydrate root reserves of three 
native prairie grasses. 
The purpose of this study was to determine the effect of natural 
growing conditions on carbohydrate r eserves of roots, r hizomes, and 
crowns of big bluestem (Andropogon gerardi), little bluestem (A. 
scoparius), and side-oats grama (Bouteloua curtipendula). Root samples 
were collected monthly from August, 1959, through July, 1960. 
Carbohydrates determined were starch, sucrose, and reducing sugars. 
A photocolorimetric ferricyanide method was used for the determination 
of sucrose and reducing sugars . A taka-diastase method was used for 
estimation of starch. 
Rapid spring growth caused a l arge decrease in root reserves of 
the three species investigated. Total carbohydrates were lowest in 
May and June when growth was extensive . Replenishment of reserves 
occurred with a decline in growth and with f l Jwering . 
Occurrence of fall growth caused a depletion of root reserves. 
The extent of depletion was proportional to the amount of herbage pro -
duced. Carbohydrates of side-oats grama decreased from 5.83 per cent to 
3. 89 per cent with the production of new herbage and flower stalks. 
Bi g bluestem displayed no visible signs of growth and the decrease in 
reserves was from 8. 09 per cent to 7. 42 per cent . 
A r elatively high reserve level was maintained d:ur;Lng the winter 
dormancy period. However, the initiation of spring growt.h caused a 
marked decrease in total carbohydrates . 
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Root reserves of plants have often been investigated as a means of 
explaining vigor and growth responses. Perennial roots function partially 
to serve plants as a readily available source of energy for physiological 
processes which occur during dormancy and for production of folia ge when 
the plants are unable to meet their demands through photosynthesis . 
.Aldous (1930) states, "the storage of organic food reserves in the 
forage plant is essential to their normal functioning and determination 
of the extent of the s torage of the se reserves throughout the growing 
season appears to provide one of the principal indexes to the growing 
requirements of plants." The importance of r oot reserves and their in-
fluence on herbage growth is also stressed by Albert (1927) in the f ol-
lowing statement. 11It has long been common knowledge that t he extent of 
t..~e top growth of plants is intimately associated with the extent of 
their root development, and that plants are able to store organic foods 
which the plant may subsequently use. 11 
The extent to which root reserves accumulate during t he growing 
season is influenced by environmental conditions and production of herbage 
growth. In order to have a better understanding of the r elationship 
that exists in plants, information is needed about the influence of 
growth as it affects the root carbohydrate reserves. The experiment 
reported herein is an eff ort to determine total carbohydrates of roots, 
rhizomes, and crowns of big bluestem (Andropogon gerardi Vitman.), lit-
tle blue stem (Andropogon scoparius Michx.), and side-oat s grama (Boute-
loua curtipendula (l\lfi.chx.) Torr.) as they are influenced by natural 
growing conditions. 
REVIEW OF LITERATURE 
The vast amount of material available on carbohydrate root reserves 
of plants indicate that during periods of rapid herbage growth root re-
serves are readily used and during periods of slaw growth, and with the 
approach of maturity, root reserves increase. 
Graber et al. (1927) report that alfalfa root reserves are de-
creased by new grovrth early in the spring and by the occurrence of sec-
ondary grovrth following seed formation. During the period between 
spring growth and seed formation, plants produce food in excess of vege-
tative needs and the surplus is stored in the roots. 
Working with crested wheatgrass (Agropyron cristatum), Hyder and 
Sneva (1959) found that the carbohydrate content of the roots increased 
from 23 percent after spring growth was completed to 30 percent by the 
first of August. A slight decrease occurred in the s torage level pre-
ceding flowering, but the deficiency was replaced during flowering. The 
increase in reserves during flowering was thought to be due to several 
factors. Nearly all vegetative growth had occurred by the time repro-
ductive growth started. Also early spring growth provides a large amount 
of photosynthetic tissue through the abundant leafiness, delay in stem 
elongation, and the large leaf area. 
Mcllvanie (1942) working with cool season bluebunch wheatgrass 
(.Agropyron spicatum) reported that root reserves decreased du.ring periods 
of shoot initiation and 45 percent of the current growth vras produced be-
fore the decline in carbohydrates ceased. With the advent of vegetative 
growth, sucrose and reserve polysaccharides declined quite rapidly but 
increased during formation of seed stalks and flowering. Following mat-
uration of seeds the high level of reserves was decreased by the occur-
rence of secondary growth. 
3 
Kinsinger (1953), at Hays, Kansas, found that the carbohydrate con-
tent of blue grarra (Bouteloua gracilis) and buffalo grass (Buchloe dacty-
loides) followed a pattern related to the growth of the grasses. The 
reserve level was 8 .82 i:ercent in May but increased to 12 .o percent by 
June 10. The reserve level again decreased to 8.62 percent during July 
and August. With the approach of dormancy between August 29 and October 
18, growth of the grasses declined and storage increased reaching a peak 
of ll.11 i:ercent. 
Kinsinger (1953) also found that the root reserves of big bluestem 
reached a peak of 12 .14 percent in January but declined to a low of 9 .92 
percent in May and June due to the effects of rapid spring growth. Fol-
lowing spring growth the relatively inactive vegetat ive condition of the 
plants resulted in a gradual increase of reserves to ll .29 percent. Pro-
duction of flower stalks in August, however, caused a slight decline in 
the carbohydrate level. 
When rapid growth occurs under favorable conditions, plants use both 
stored and currently synthesized carbohydrates (Dodd 1957). Side-oats 
grama, during early spring growth, decreased from 19.1 percent to 14.6 
percent in root carbohydrates. During the months of September and Octo-
ber, when growth was low, reserves :increased 81 percent. 
Dodd (1957) concluded that blue grama reserves varied inversely with 
the rate of growth. Following the period of rapid spring growth, the 
reserve deficiency in the roots was replenished, but as soon as si.gns of 
new growth became apparent the carbohydrate content again decreased. 
4 
Woods et al. (1959) when investigating the carbohydrate content of 
several woody species also found that the reserve level is related to 
the grmvth cycle. They found that the lowest level was reached during 
the period when the new leaves were approaching full size. The reserves 
at this point were about one-half as great as during dormancy. After 
replenishment of the root reserves the carbohydrate level remained fairly 
steady for the remainder of the growing season. 
During the winter dormancy period respiratory and other physiologi-
cal factors cause a progressive decline in the food reserves. McCarty 
and Price (1942) found this to be true with mountain brome (Bromus 
inatus). Although the appearance of snow halted herbage growth for the 
winter, autumnal temperatures stimulated enzymatic activity with a re-
sulting transformation of insoluble carbohydrates to the soluble form. 
Bukey and Weaver (1939) reported that the amount of invert sugar in 
several species of prairie grasses was much higher in June than during 
winter dormancy. This can be explained by the fact that growing plants 
would contain more soluble compounds and less hydrolyzable material than 
dormant plants. 
Sampson and McCarty (1930) found that the carbohydrate reserves of 
Stipa pulchra increased near the close of the annual growth cycle. Su-
crose and reducing sugars increased gradually while the polysaccharides 
displayed a sharp and rapid increase. 
In a detailed study of crested wheatgrass by Cook et al. (1958) it 
was found that plants receiving additional water during the growing sea-
son had higher averages of carbohydrates than plants under normal grow-
ing conditions. The larger amount of water resulted in the production 
of more foliage and an increased level of photosynthetic activity. The 
effects of additional water was most evident in plants that were un-
clipped or clipped at three inches as compared to one inch clipping. 
METHOD OF STUDY 
5 
Collections of roots were made each month from August, 1959, through 
July, 196o. Three sods of big bluestem, little bluestem, and side-oats 
grama -were collected from an u~disturbed area located two and one-half 
miles southwest of Hays, Kansas. Each sod was approximately 4x4x4 
inches and of a healthy plant typical of the surrounding vegetation. At 
the time of collection field notes vrere made to record height, condition 
and vegetative stage of the plants. 
After removal from the field, the sods were care.fully washed free 
of dirt by means of a fine water spray and the roots and crowns were 
placed in glass storage bottles. Enzymatic action was prohibited by 
heating the roots at 90°c. for one hour. Complete drying was accomplished 
by heating at 70°c. for 12 hours. The roots were stored in air tight 
bottles until chemical analyses were conducted (Loomis and Shull 1937). 
Before analyzing the samples the roots were ground and dried at 8o0 c. 
The carbohydrates determined were starch, sucrose and reducing su-
gars. A three gram portion of each sample 11ras extracted for at least 
six hours in a soxhlet extractor using 80 percent ethanol. The sucrose 
and reducing sugars were dissolved in the alcohol-water solution; the 
starch remained in the extraction thimble. Approxi.mately two grams of 
Caco3 were placed in the thimble with the plant material to maintain a 
basic solution during the extractions. 
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Ten ml. of the alcoholic extract were evaporated until the odor of 
alcohol had disappeared. Addition of distilled water was necessary to 
prevent evaporation to dryness. The sugar solution was clarified by the 
addition of two ml. of bariun hydroxide and two ml. of zinc sulfate so-
lution (Moyer and Holgate 1948). The contents were filtered into a 
graduated cylinder, the precipitate washed with a fine spray of water, 
and the solution made up to a volume of 35 ml. 
The reducing sugars and sucrose were determined by a modification of 
the Forseets photocolorimeteric ferricyanide method (Morell 1941). F.i.ve 
ml. of the clear sugar solution and 25 ml. of the alkaline ferricyanide 
reagent were placed in test tubes and heated for 10 minutes in a gently 
boiling water bath. The tubes were then cooled in running tap water for 
10 minutes and read in a Bausch and Lomb colorimeter at a wave length of 
420 nm. The readings were compared to a standard glucose curve and re-
ported as percent reducing sugars per one gram dry weight of root sample. 
Triplicate samples were developed and an average reading was used to de-
termine the percent of sugar. 
To determine total sugars present, five ml. of the clear sugar solu-
tion were inverted with ten ml. of N hydrochloric acid in a boiling water 
bath for 10 minutes. The solutions were cooled, neutralized with 10 ml. 
of N sodium hydroxide, and made up to a volume of 50 ml. The amount of 
sugar present was determined as described above and the readings compared 
with a standard sucrose curve. The difference between the total sugars 
and reducing sugars was reported as sucrose. 
A modification of the taka-diastase method (Denny 1934) was used to 
determine the starch present in the plant roots • .Approximately 50 ml. of 
N hydrochloric acid were added to the alcoholic extraction residue to 
dissolve the eaco3• The solution was filtered by suction, washed into a 
250 ml. .flask: and placed on a boiling water bath for 30 minutes. Upon 
completion of the heating period the contents of the .flasY..s were cooled 
to room temperature and 25 ml. of a 0.2 M acetic acid-acetate solution 
buffered at pH 4.5 were added. Twenty-five ml. of a taka-diastase solu-
tion, containing at least as nmch taka-diastase as starch present in the 
sample, and a small amount of toluene were added to the .flasks. The 
.flasks were corked and allowed to remain at J8°c. for 44 hours in an 
oven. 
The digested starch solution was ma.de up to a volume of 250 ml. 
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after removal from the oven. An aliquot was filtered and the nearly clear 
solution was analyzed for reducing sugars. A digestion factor of 0.90 
was used to convert the readings in glucose units to percent starch. 
When the readings of the colorimeter were compared to the standard 
sugar curves the mg. of sugar present in each ml. of solution were de-
termined. Through the use of dilution factors, the mg. of sugar present 
in each gm. of dry root material were calculated and the percent of each 
sugar fraction determined. 
ENVIRONMENTAL CONDITIONS AND PHENOLOGIC.AL DEVELOPMENT 
During the month prior to the first collection on August 9, 1959 
the temperature was high and little precipitation had fallen. The vege-
tation showed no visible signs of being dormant although herbage growth 
was not excessive. Big bluestem and little bluestem had begun to pro-
duce .flower stalks which were still encased in the sheath. Side-oats 
8 
grama had finished anthesis and the seed were beginning to mature. High 
temperature and lack of precipitation probably had a retarding effect on 
vegetative and reproductive grow-th during the month previous to August I s 
collect ion. Flow-ering in these three species occurred earlier during the 
1960 growing season. 
During September, 4.69 inches of precipitation were received and 
conditions were quite favorable for plant grow-th. Side-oats grama had 
produced considerable new herbage at the time of the October collection. 
New flotrnr stalks, eight to ten inches in height, had been formed during 
September previous to the October collection. The other two species did 
not show a similar response to the favorable growing conditions. Big 
bluestem did not produce visible growth and the plants had acquired their 
typical reddish color. Short green leaves present at the base of the 
little bluestem plants were considered to be new growth since the rest 
of the plant was reddish brown in color. 
A low temperature of 20°F. occurred October 27, but the average 
minimum temperature remained above 32°F. until November 5. The exact 
period of dormancy initiation was difficult to determine due to fluctua-
tion in temperature. The approximate date chosen was October 17 when 
the minimum temperature was 29°F. 
On March 26, 1961, the min:i.mum temperature was 32°F. Conditions 
following this date became quite favorable for growth. 
On March 9 new tillers, one to one and one-half inches long, were 
found on side-oats grama plants. Big bluestem did not show signs of 
growth until April 9. Little bluestem started to grow after the April 
collection and by May 23 new growth was eight to 12 inches in height. 
During March and April precipitation was normal but May, June and 
July were below normal. July was quite dry, receiving only 0.09 of an 
inch. 
Side-oats grama produced flower stalks during June. Big and little 
bluestem did not start reproductive growth until July when rate of herb-
age growt h decreased . 
RESULTS 
Big Bluestein 
Total carbohydrates of big bluestem varied inversely with annual 
growth (Fig. 1) . Carbohydrate reserves decreased during periods of 
rapid growth but increased when growth was retarded . Total reserves 
fluctuat ed from 5.JB percent in May to 10 . 24 percent in February. The 
general trend consisted of a gradual build up in the fall , a more or 
less steady level in the winter and a sharp decrease in spring . The 
pattern of storage during the SUilllIBr was one of reserve replenishment 
during flowering and seed maturation with a decrease during periods 
when favorable conditions for growth occurred . 
During August little vegetative growth occurred when flONer stalks 
were being produced and, consequently, there was a steady accumulation 
of starch and sucrose . Reserves increased until September when condi-
tions became quite favorable for growth due to several rains . No visi-
ble signs of growth were noticed in big bluestem, but the decrease in 
sucrose indicated that an increase in physiological activity may have 
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Fig . 1 . Percent total carbohydrates, sucrose, starch, 
and reducing sugars in big bluestem at dif-
ferent periods of the annual growth cy cle . 
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gradual increase during this period indicating the possibility of sucrose 
to starch conversion. 
Between the October and November collections sucrose increased from 
4-35 to 6.44 percent (Tahle I). The plants were not producing herbage 
. and seed maturation was in progress. Consequently, the absence of energy 
e:x;penditure for growth allowed the synthesized carbohydrates to be stored 
as reserves. Increased storage occurred during the last stage of the a..~-
rru.al growth cycle when accumulation of root reserves is necessary for 
winter survival a.rid new growth in the spring. 
Starch did not increase during the period of fall maturation. 
While sucrose increased rapidly the starch level slowly declined possi-
bly due to the conversion of starch to sucrose or reducing sugars. How-
ever, the trend was reversed between the December and February collec-
tions as starch increased and sucrose and the reducing sugars decreased. 
Total carbohydrates during this period fluctuated from 9.84 percent in 
December to 9.23 percent in January and to 10.24 percent in February in-
dicating that although conversion did occur the total concentration of 
reserves increased. The reason for additional accumulation of carbohy-
drates during the dormancy period is not apparent. The possibility 
exists that conversion from structural polysaccharides to starch may 
have occurred. Kinsinger (1953) found that hemicellulose in big blue-
stem decreased during the fall and winter months as starch was increasing. 
Spring growth was first noticed at the time of the April 9 collec-
tion. R.hizome tips were beginning to grow but were still quite small. 
The starch content at this period was still at a level comparable to the 
previous two months. However, sucrose had decreased and reducing sugars 
12 
Table I. Percent reducing sugars, sucrosel starch, and total car-
bohydrates found in the roots, rhizon:e s, and crowns of 
big bluestem 
Date of Reducing Sucrose Starch Total 
collection sugars carboh;zdrates 
8-7-59 1.07 3.85 1.14 6.06 
1.16 3.27 2.85 7.28 
1.00 3.43 2.50 6.93 
Average 1.07 3.52 2.16 6.75 
9-8-59 .BB 6.96 1.09 8.93 
.93 4.90 3.28 9.11 
.56 4.34 1.35 6.25 
Average .79 5.40 1.90 8.09 
10-9-59 .93 5.13 2.01 8.07 
.42 5.48 2.98 8.80 
.51 2.43 2.37 5.31 
Average .62 4.35 2.45 7.42 
11-l0-59 1.42 6.67 2.75 10.84 
1.05 6.09 2.10 9.24 
1.03 6.57 1.34 8.94 
Average 1.16 6.44 2.06 9.67 
12-9-59 
1.68 5.94 1.75 9.37 
2.06 6.69 1.57 10.32 
Average 1.87 6.31 1.66 9.84 
1-8-60 1.40 5.74 2.10 9.24 
1.42 5-95 1.53 B.90 
1.98 5.39 2.19 9.56 
Average 1.60 5.69 1.94 9.23 
2-14-60 1.21 6.39 3.55 11.15 
1.86 6.oo 2.85 10. 71 
1.54 5.34 2.01 8.89 
Average 1.53 5.91 2.80 10.24 
3-12-60 1.12 5.01 2 .50 8.63 
1.07 5.06 3.24 9.37 
.84 5.06 2.88 8.78 
Average 1.01 5.04 2.87 8.92 
(Continued) 
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Table I (continued) 
4-9-60 1.51 5.37 3.15 10.03 
2.17 3.72 2.63 8.52 
1.00 3.91 2.19 7.10 
Average 1.56 4-33 2.65 8.54 
5-23-60 .81 3.05 .95 4.81 
.84 3.59 .95 5.38 
1.00 3.43 1.53 5.96 
Average .88 3.35 1.14 5.38 
6-30~0 .95 4.20 .79 5.94 
.88 2.69 .79 4.36 
1.12 4.03 .91 6.06 
Average .98 3.64 .83 5.45 
7-30-60 1.09 6.02 .91 8.02 
.91 5.48 1.35 7.74 
.63 4.29 1.18 6.10 
Average .87 5.26 1.14 7.27 
had increased. A reasonable e:x;planation appears to be that prior to ac-
tual growth, energy would be needed for increased physiological activity 
and possibly conversion of simpler sugars to intermediate metabolites 
would occur. 
During the six weeks period that elapsed between the April and May 
collections, herbage growth averaged eight to nine inches. During this 
period the carbohydrate reserves displayed a sharp and marked decrease. 
Total carbohydrates decreased from 8.54 to 5.38 percent. The greatest 
decrease occurred with starch, which declined 1.51 percent as compared 
to 0.98 percent for sucrose. During June, sucrose and reducing sugars 
increased, but starch continued to decrease, reaching a low of 0.83 per-
cent. 
Vegetative growth averaged J2 to 14 inches in height at the time of 
the June collection indicating that the rate of growth during June had 
decreased colI!)ared to April. Corresponding with this decline in growth 
rate was a slight decrease in starch and an increase in sucrose. The 
starch reserve was probably contributing to formation of new growth, al-
though, the conversion of starch to sucrose and reducing sugars was ex-
ceeding the incorporation of the simpler carbohydrates to form plant 
material. The low level of starch and relatively high level of sucrose 
may have resulted from the slower rate at which starch accumulates as 
reserves in the roots. From all indications, sucrose levels increase 
much more rapidly than starch. If plants were synthesizing carbohydrates 
beyond their metabolic needs, the simpler sugars would accwnulate quite 
rapidly and slower conversion to the polysaccharides would follow. 
As flowering began the total carbohydrate level increased quite 
rapidly. The sucrose level increased more sharply than starch, but 
this may have been due to rc!J)id accumulation of simple sugars and slow 
conversion to polysaccharides. 
Little ID.uestem 
Total carbohydrates of little bluestem displayed an annual fluctua-
tion very similar to big bluestem. The growth rate and reserve level 
showed a close correlation during the annual growth cycle (F.i.g. 2). 
15 
During late summer and early fall the growth rate was slow as the 
plants were approaching maturity. Starch and sucrose were increasing 
steadily as reducing sugars declined slightly indicating perhaps that 
synthesized carbohydrates were being converted to reserve sugars. The 
advent of favorable growing conditions during September resulted in a 
decrease in total carbohydrates, sucrose anc starch, which was evident 
at the October collection when the plants were found to have several 
inches of new basal leaf growth. During this period of growth sucrose 
decreased from S.41 to 4.14 percent and starch from 1.95 to 1.48 percent 
(Table II). 
Following the short period of new growth total carbohydrates in-
creased to a high of 7.89 percent on December 9 which was due to the in-
crease in the reducing sugars and sucrose fractions. Starch did not 
accu:mul.ate following depletion by fall regrowth. The starch level re-
mained steady for the duration of the dormancy period. The reason for 
the unusual response of starch was not c!J)parent, but the lack of suf-
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Table IT. Percent reducing sugars, sucrose, starch, and total car-
bohydrates found in the rootsl rhizomes, and crowns of 
little bluestem 
Date of Reducing Sucrose Starch Total 
collection sugars carbohydrates 
8-7-59 .98 4.92 1.40 7.30 
1.42 5.46 1.31 8.19 
1.05 3.87 1.27 6.19 
Average 1.14 4.75 1.32 7 .21 
9-8-59 1.05 5.60 2.50 9.15 
1.06 5.59 1.84 8.49 
.86 5.04 1.53 7.43 
Average .99 5.1+1 1.95 8.35 
10-9-59 1.63 4.27 1.40 7.30 
1.30 4.11 1.49 6.90 
1.35 4.06 1.57 6.98 
Average 1.42 4.14 1.48 7.04 
11-10-59 2.07 4.06 1.14 7.27 
1.26 4.64 1.14 7.04 
1.54 5-34 1.09 7.79 
Average 1.62 4.68 1.12 7.42 
12-9-59 1.77 5.11 .95 7.83 
2.03 4.57 1.27 7.87 
2.05 5.32 .60 7-97 
Average 1.95 5.oo .94 7.89 
1-8-60 1.51 5.09 1.27 7.87 
1.12 3.80 .75 5.67 
2.15 5.12 .83 8.10 
Average 1.59 4.67 .95 7.21 
2-14-60 1.35 2.22 .79 4.36 
1.54 6.81 .83 9.18 
.39 3.04 1.18 4.61 
Average 1.09 4.02 .93 6.04 
3-12-60 1.42 2.62 .79 4.83 
1.51 2.91 .79 5.21 
1.35 3.07 .52 4.94 
Average 1.42 2.86 .70 4.98 
(Continued) 
18 
Table II (continued) 
4-9-60 1.82 3.09 .96 5.87 
1.42 J.14 1.22 5.78 
1.30 3.97 1.31 6.58 
Average 1.51 3.40 1.16 6.07 
5-23-60 .79 1.78 .70 3.27 
.95 2.24 .75 3.94 
.86 1.84 -75 3.45 
Average .86 1.95 .73 3.54 
6-30-60 .86 2.33 .65 3.84 
.72 1.85 .48 3.05 
.93 2.51 1.05 4-49 Average .83 2.23 .72 3.78 
7-30-60 1.16 3. 75 1.75 6.66 
.88 3.16 1.31 5.35 
.81 3.98 1.70 6.49 
Average .95 3.63 1.58 6.16 
ficient time following the fall regrowth may have been responsible for 
the failure of conversion of the simple sugars to starch. 
19 
Sucrose declined steadily during the dormancy period as reserves 
were being used for physiological and respiratory activities. However, 
the March collection shovred an increase in total carbohydrates which may 
have resulted from a conversion of struct,ural polysaccharides to starch 
and sucrose. 
Sucrose decreased rapidly from 3.40 to 1.95 percent during the six 
weeks period when spring growth occurred, but the starch content, being 
quite low when growth commenced, decreased only slightly. However, dur-
ing the month of June the reserve carbohydrates were not utilized because 
the plants vrere able to synthesize the carbohydrates necessary for growth 
and flower stalk production. A rapid replenishment of reserves occurred 
during flowering, as energy requirements of the plants were low enough 
to allow the major portion of photosynthesized carbohydrates to accumu-
late. 
Side-oats Grama 
Total carbohydrates of side-oats grama were found to be somewhat 
lower than the other tw-o species investigated, but the trends of annu.aJ. 
fluctuation of the separate sugar fractions were quite similar.(Fig. 3). 
The lowest level of reserves occurred in October and May when the total 
carbohydrates were 3.32 and 3.73 percent, respectively (Table III). 
At the time of the August collection side-oats grama appeared to be 
unaffected by the high temperature and lack of precipitation. The ab-
sence of new growth and the occurrence of seed maturation during August 
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Fig . J . Percent total carbohydrates, sucrose, starch, 
and reducing sugars in side-oats grama at 
different periods of the annual growth cycle. 
20 
21 
Table III . Percent reducing sugars, sucrosel starchl and total car-
bohydrates found in the roots, rhizomes, and crom1.s of 
side-oats grama 
Date of Reducing Sucrose Starch Total collection sugars carbohydrates 
8-7-59 .32 .90 .56 1.78 1.05 2.39 1.18 4.62 
• 70 1.87 1.09 3.66 Average .69 1.72 .97 3.38 
9-8-59 1.21 4-92 1.57 7.70 1.30 2.63 1.27 5.20 
1.07 2.50 1.05 4.62 Average 1.19 3.35 1.29 5 . 83 
10-9-59 1.51 2.06 1.27 4.84 
.37 1.21 .56 2.14 
.67 1.54 .79 3.00 Average .85 1.60 . 87 3.32 
11-10-59 -44 1.14 .95 2.53 
1.30 2.27 1.14 4.70 
1.07 2.37 1.05 4.49 Average .93 1.92 1.04 3.89 
12-9-59 1.86 4.76 1.18 7.80 
1.98 3.04 2.06 7.08 
.84 2.73 1.31 4.88 Average 1.56 3.51 1.51 6.58 
1-8-60 1.23 2.94 .70 4.87 
1.02 3.93 1.18 6.13 
1.72 3.43 1.22 6.37 
Average 1.32 3 .43 1.03 5.78 
2-14-60 1.12 2.45 .87 4-44 
1.35 2.22 .79 4.36 
1.47 2.57 .75 4.79 
Average 1.31 2.41 .80 4.52 
3-12-60 1.93 3.96 .79 6.68 
1.89 3.02 .56 5.47 
.39 1.19 .56 2.14 
Average 1.40 2.72 .63 4-75 
(Continued) 
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Table III ( continued ) 
4-9-60 1.26 3 .16 .87 5 .29 .95 2.96 1.05 4.96 
. 84 2.48 . 75 4.07 
Average 1 .01 2.86 .89 4. 76 
5-23-60 . 88 2.31 . 79 3. 98 
1.09 2.23 .60 3.92 
.67 1.67 .95 3. 29 Average . 88 2.07 . 78 3.73 
6-30-60 • 70 2.49 .56 3.75 
• 79 2.65 . 83 4.27 
.84 2.48 .60 3-92 Average .77 2.54 .66 3. 97 
7-30-60 .77 2.80 1.27 4.84 
.98 3.81 1.44 6.23 
2.17 1 .87 1. 22 5.26 
Average 1.30 2.82 1.31 5.43 
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corresponded to an increase in reserves. The increase in total carboey-
drates from 3.66 to 5.83 percent was due mainly to a large accumulation 
of sucrose. The rapid accumulation of sucrose was terminated and de-
pleted by the occurrence of growth before conversion to starch became 
predominant. The sharp and raPid decline of the carbohydrate level can 
be explained by the large amount of fall growth that this species pro-
duced. The low level of carbohydrates at the October collection was ac-
companied by a considerable production of new herbage and flower stalks 
which averaged eight to ten inches in height. The data obtained on 
grmvth rate and reserve levels confirm the idea that rapid growth by 
plants requires large amounts of energy that must be obtained from the 
root reserves when synthesized carbohydrates are not present in amounts 
necessary for current physiologic demands. 
Total carbohydrates increased following the cessation of fall 
growth. Sucrose and reducing sugars made larger gains than starch. 
Total reserves were of 6.58 percent in December which was only 0.75 per-
cent higher than the level obtained before fall growth occurred. Had 
fall growth not occurred to such a large extent the reserves might have 
reached a higher level in December. The plants were unable to replenish 
the reserve deficit in the short time that remained before cold weather 
forced them into an inactive condition. The relatively short time dur-
ing which the plants could store carboeydrates seemed to have a greater 
effect on the starch content since starch accumulation during the fall 
was quite small. 
A contirm.ous decrease in total carbohydrates occurred during Decem-
ber, January and the first half of February. When the March collections 
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were made, side-oats gra.ma had begun to grow. Tillers one to one and 
one-half inches in length were present. The .April collection revealed 
that the plants had grown very little in the period between collections 
and the total carbohydrates had increased 0.24 percent. Starch, sucrose 
and reducing sugars displayed a large fluctuation indicating perhaps the 
conversion of one fraction to another. 
Prior to actual plant growth the physiological processes of plants 
are probably increased to some extent. Since side-oats gra.ma began 
growth earlier than the other species investigated, the early decline 
and low level of reserves can possibly be accounted for by earlier meta-
bolic growth. 
AJ3 growing conditions became favorable in .April and :May the total 
carbohydrate level again decreased at a steady rate reaching 3.73 per-
cent on :May 23. After flower stalks had been produced and with the 
flowering of the plants the synthesized carboeydrates began to accumu-
late as reserves. During June when growth was still rapid and flower 
stalks were being produced, side-oats gra.ma, as well as big and little 
bluestem, contained a low level of reserves which did not increase to 
any great extent until after flowering had begun. 
SUMMA.RY 
Carboeydrate reserve levels of big bluestem (Andropogon gerardi 
Vitman.), little bluestem (Andropogon scoparius Mi.chx.), and side-oats 
grama (Bouteloua curtipendula (Micbx.) Torr.) were investigated during 
a period from August, 1959 to July, 196o. Three samples of each species 
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were collected each month and analyzed for reducing sugars, sucrose, and 
starch. 
The total carbohydrate level of the three species corresponded to 
the annual growth cycle of each species. Highest levels were present 
during the early part of winter and a low level occurred in spring when 
growth was rapid. Although the total carbohydrate levels of the three 
species were similar in fluctuation, they were not equal in amounts. 
Big bluestem contained more total carbohydrates during the dormancy per-
iod than little bluestem or side-oats grama. 
The advent of fall growth had a depleting effect on the root re-
serves. In side-oats grarna total carbohydrates decreased from 5.83 to 
J.32 percent during ~eptember when several inches of herbage and flower 
stalks were produced. Little bluestem carbohydrates decreased from 8.35 
to 7 .04 percent during the same period when it produced only a few new 
basal leaves. No new growth ·was visible in big blue stem and the reserves 
decreased only 0.67 percent. 
Sucrose made up the largest fraction of root carbohydrates. Fluc-
tuations of sucrose followed the annual :p3,ttern of growth very closely, 
being the highest during periods of slow growth and lowest during per-
iods of rapid growth. 
The starch content was higher in big bluestem than in the other spe-
cies. In February when the total carbohydrates were 10.24 percent, 
starch was 2 .80 percent. By May 23 the total carbohydrates had de-
creased to 5.38 percent and starch to 1.14 percent. Production of new 
growth was made at the expense of stored carbohydrates. Little blue-
stem also used considerable amounts of reserves during the late winter 
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and spring. Total carbohydrates decreased from 6.04 percent in February 
to 3.54 percent in May. However, starch declined from 0.93 to 0.73 per-
cent during the same period. The carbohydrate level of side-oats grama 
was 4-52 and 3.73 percent in February and May, respectively. The sharp-
est decline occurred during December and January as the reserves dropped 
.from 6.58 to 4.52 percent. The early decrease in reserves may have been 
due to the earlier initiation of growth. 
Replenishment of root reserves occurred during £lowering. The ac-
cunrulation of reserves did not begin, however, until after the rapid 
spring growth rate had declined and the £lower stalks had been produced. 
These data indicate that reserve fiuctuations correspond very 
closely to the rate and duration of herbage growth. With the advent of 
spring and fall growth the reserves are depleted and unless these defi-
cits are replenished the growth and vigor of the plants may be greatly 
impaired. 
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